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(54) Bioelectrical impedance measuring method and body composition measuring apparatus 



(57) In a bioelectrical impedance measuring 
method of the present invention, a first, second and 
third bioelectrical impedance values are determined by 
a measurement using the alternating currents having a 
first, second and third frequencies respectively. Then, 
an vector impedance locus is derived from only the 
derived first, second and third bioelectrical impedance 
values to determine the bioelectrical impedance values 
at 0 frequency and at an infinite frequency. The body 



composition is also judged based on the measured 
results. 

Limiting frequencies used for the measurement to 
three kinds enables the apparatus to be simplified and 
to be manufactured at a low cost as well as achieving 
the shortened measuring time and the enhanced meas- 
uring accuracy. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a bioelectri- 
cal impedance measuring method and a body composi- 
tion measuring apparatus. 

Description of the Prior Art 

[0002] An electrical impedance of a living body is 
typically represented by a lumped constant equivalent 
circuit comprising an extra-cellular fluid resistance Re, 
an intra-cellular fluid resistance Rj, and a cell membrane 
capacitance Cm, as shown in Fig. 1. Practically, plural 
cells making up the living body are respectively repre- 
sented by individual circuits having different constants 
due to their different shapes and characteristics. Thus, 
in the living body as an aggregation of such cells, its 
vector impedance locus does not show a half circle at 
variance with the case of measuring the lumped con- 
stant equivalent circuit, but shows a circular arc given in 
the Cole-Cole model. 

[0003] Thus, the electrical impedance of the living 
body is generally represented by a circular arc-like locus 
shown in Fig. 2. In Fig. 2, x-axis represents a resistance 
component of the impedance, while y-axis represents a 
reactance component of the impedance. Since the 
reactance component of the bioelectrical impedance 
shows a negative value due to its capacitive property, 
the vector locus of the bioelectrical impedance is plotted 
on the underside of the real axis as shown in Fig. 2. 
[0004] Referring to Fig. 3, R 0 , R inf , and Zc respec- 
tively indicate a resistance at 0 frequency, a resistance 
at infinite frequency and a bioelectrical impedance 
value at frequency Fc. As to R 0 and R inf , they have only 
a resistance component because their reactance value 
is zero. At the frequency Fc, an absolute value of the 
reactance component reaches its maximum, and Zc is a 
bioelectrical impedance value at this frequency. As used 
herein, the frequency where the absolute value of the 
reactance component reaches its maximum is referred 
as to a characteristic frequency. Each body composi- 
tion, such as a total body water, an intra-cellular water, 
an extra-cellular water, and a fat-free mass, is derived 
from the above values or approximate values thereof. 
[0005] In a conventional method for determining the 
bioelectrical vector impedance locus based on bioelec- 
trical impedances measured at a plurality of frequen- 
cies, the bioelectrical impedance is firstly measured in 
the range from a low frequency to a high frequency (i.e. 
from several kHz to about 1 MHz). Then, the aforemen- 
tioned circular arc-like vector locus is derived from the 
measured data to calculate the above parameters. 
[0006] Generally, the impedance vector measured 
by the conventional method is not provided in the form 



of a circular arc shown by a solid line in Fig. 2, but is rep- 
resented in a curve-like locus shown by a dotted line in 
Fig. 2. This is supposedly resulted from a time lag in a 
signal transmission system which is influenced by both 

5 lengths of a bioelectrical impedance measuring cable 
and a measuring object. Practically, the least square 
approximation method would be applied to correct such 
an error and to make the vector impedance locus 
approximate to the circular arc. Making an approximate 

io calculation requires multiplicity of iterative operations 
and thereby demands a high-speed arithmetic unit and 
a peripheral device thereof. 

[0007] Thus, the conventional bioelectrical imped- 
ance measuring apparatus needs to employ the high 

15 speed arithmetic unit and the associated peripheral 
device. In addition, since it takes a long time for the 
measurement, a patient is forced to keep a specified 
posture for a long time. This has applied a certain bur- 
den to the patient. 

20 [0008] An object of the present invention is to pro- 
vide an improved bioelectrical impedance measuring 
method and a body composition measuring apparatus, 
which is capable of solving the problems of the prior art 
described above. 

25 

SUMMARY OF THE INVENTION 

[0009] According to an aspect of the present inven- 
tion, there is provided a bioelectrical impedance meas- 
30 uring method for measuring a bioelectrical impedance 
of a patient by applying an alternating current to a body 
of the patient based on a bioelectrical impedance 
method, said bioelectrical impedance measuring 
method comprising the steps of: 

35 

determining a first bioelectrical impedance value by 
a measurement using the alternating current having 
a first frequency; 

determining a second bioelectrical impedance 
40 value by a measurement using the alternating cur- 
rent having a second frequency; 
determining a third bioelectrical impedance value 
by a measurement using the alternating current 
having a third frequency; and 
45 deriving an vector impedance locus from only the 
first, second and third bioelectrical impedance val- 
ues to determine bioelectrical impedance values at 
0 frequency and at an infinite frequency. 

so [0010] According to an embodiment of the present 
invention, all the first, second and third frequencies may 
be in the range of 1 kHz to 100 kHz. 
[0011] According to another aspect of the present 
invention, there is provided a body composition measur- 
55 ing apparatus for measuring a bioelectrical impedance 
of a patient by applying an alternating current to a body 
of the patient based on the bioelectrical impedance 
method, said body composition measuring apparatus 
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comprising: 

an alternating current generating device capable of 
generating at least three kinds of alternating cur- 
rents with different frequencies; 5 
a measuring device which determines a first bioe- 
lectrical impedance value, a second bioelectrical 
impedance value and a third bioelectrical imped- 
ance value based on measurements using the 
alternating current having a first frequency, the 10 
alternating current having a second frequency and 
the alternating current having a third frequency 
respectively, among the alternating currents gener- 
ated by the alternating current generating device; 
an arithmetic device which derives an vector imped- 15 
ance locus from only the determined first, second 
and third bioelectrical impedance values to deter- 
mine bioelectrical impedance values at 0 frequency 
and at an infinite frequencies; and 
a judging device which judges the body composi- 20 
tion of the patient based on the bioelectrical imped- 
ance values determined by the arithmetic device. 



[0012] According to another embodiment of the 
present invention, said body composition measuring 25 
apparatus further comprises: 

an input device which sets a personal parameter 
including a body weight of the patient; and 
an indicating device which indicates information 30 
regarding the body composition judged by said 
judging device, wherein said judging device takes 
the personal parameter input by the input device 
into account when judging the body composition of 
the patient. 35 

[0013] According to another embodiment of the 
present invention, the body composition measuring 
apparatus may further comprise: 

40 

a body weight measuring device which measures 
the body weight of the patient; 
an input device which sets a personal parameter 
other than the body weight of the patient; and 
an indicating device which indicates information 45 
regarding the body composition of the patient 
judged by said judging device, wherein said judging 
device takes the body weight measured by the body 
weight measuring device and the personal parame- 
ter input by the input device into account when judg- so 
ing the body composition of the patient. 

[0014] According to another embodiment of the 
present invention, in the body composition measuring 
apparatus, all the first, second and third frequencies 55 
may be in the range of 1 kHz to 1 00 kHz. 
[0015] According to another embodiment of the 
present invention, in the body composition measuring 



apparatus, the body composition may be at least one of 
an extra-cellular water, an intra-cellular water, a total 
body water, a fat-free mass, and a body fat mass. 
[0016] The present invention will now be described 
in further detail with regard to preferred embodiments 
as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 shows an electrically equivalent circuit of a 
cell in a tissue, 

Fig. 2 is a graphical representation of a bioelectrical 
vector impedance locus of a human body, 
Fig. 3 is a graphical representation illustrating a 
relation between a point of characteristic frequency 
and points of 0 and infinite frequencies, 
Fig. 4 is a schematic block diagram illustrating a 
general configuration of a body composition meas- 
uring apparatus for executing a bioelectrical imped- 
ance measuring method according to an 
embodiment of the present invention, 
Fig. 5 is a flow chart illustrating a measuring proce- 
dure of the apparatus of Fig. 4, 
Fig. 6 exemplifies an input screen of the apparatus 
of Fig. 4, 

Fig. 7 exemplifies a result screen of the apparatus 
of Fig. 4, 

Fig. 8 is a schematic perspective view of a body 
composition measuring apparatus implementing a 
bioelectrical impedance measuring method accord- 
ing to another embodiment of the present invention, 
Fig. 9 is a schematic block diagram illustrating a 
general configuration of the apparatus of Fig. 8, and 
Fig. 1 0 is a flow chart illustrating a measuring pro- 
cedure of the apparatus of Fig. 8. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0018] Referring to the attached drawings, espe- 
cially to Figs. 4 to 10, aspects and embodiments of the 
present invention will be described in detail. 
[0019] Fig. 4 illustrates a general configuration of a 
body composition measuring apparatus implementing a 
bioelectrical impedance measuring method according 
to an embodiment of the present invention. As shown in 
Fig. 4, the body composition measuring apparatus 1 of 
the present invention is generally segmented into two 
blocks, i.e. a block 1 and a block 2. 
[0020] The block 1 is configured to mainly perform a 
control for the measurement, an arithmetic operation 
and an input/output of the data. The block 1 comprises: 
an arithmetic and control unit 2; a ROM 3 for storing 
constants and programs for an apparatus control and 
the arithmetic operation; a RAM 4 for temporarily storing 
a measured data, an arithmetic result, and data and 
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programs read out from an external device; a nonvola- 
tile auxiliary storage 5 allowing the measured data, the 
arithmetic result and a parameter regarding the meas- 
urement to be stored, read out or updated; an indicator 
6 for indicating an information for operation, a condition 5 
during measurement, the measured data and the arith- 
metic result; an external input/output interface 7 for 
reading a parameter regarding the measurement for an 
external device and a control information or a control 
program for the measurement in order to input them into w 
the present apparatus; an external interface terminal 8 
for connecting the external input/output interface 7 to 
the external device; a key input device 9 for inputting a 
control command for the apparatus and a personal 
parameter of a person to be measured or a patient ; a 75 
clock device 10 for generating a time information for 
controlling a date and time of the measurement; a 
power source device 1 1 for supplying an electricity to 
each part of the present apparatus; and a power source 
terminal 12 for supplying the electricity to the power 2 o 
source device 1 1 from an external. 
[0021] The block 2 is configured mainly to measure 
the bioelectrical impedance and to convert an analog 
signal thereof into a digital signal. The block 2 com- 
prises an alternating signal generating device 20 for 25 
generating an alternating current signal with a fre- 
quency defined by a control program stored in the ROM 
3 or the RAM 4; an alternating current output device 21 
for applying to an object to be measured the alternating 
signal output from the alternating signal generating 30 
device 20 with an effective value defined by the control 
program stored in the ROM 3 or the RAM 4; a reference 
current detector 22 for detecting a current applied to the 
object to be measured and for outputting it as a refer- 
ence current detection signal; alternating current output 35 
terminals 30 and 31 which are output terminals for 
applying to the object to be measured an alternating 
current supplied from the alternating current output 
device 21 through the reference current detector 22; an 
A/D converter 23 for converting an analog signal, which 40 
is an output of the reference current detector 22, to a 
digital signal; potential measuring terminals 32 and 33 
which are input terminals for inputting potential signals 
from the object to be measured at two points thereof 
respectively; a potential difference detector 25 for out- 45 
putting a differential signal of the potential signals 
between the potential measuring terminals 32 and 33; 
and an A/D converter 24 for converting an analog sig- 
nal, which is an output of the potential difference detec- 
tor 25, to a digital signal. 50 
[0022] Fig. 4 shows a case where the bioelectrical 
impedance is measured between a hand and a foot of 
the patient or the object to be measured by the use of 
the apparatus having a configuration described above. 
As for a place to which an electrode for measurement is 55 
attached, a well-known conventional manner is 
employed. As for the hand, an electrode 50 for applying 
a measuring current connected to the alternating cur- 



rent output terminals 30 via a measuring cable 40 is 
attached to a back of the hand at a place close to a fin- 
ger joint. In addition, a potential measuring electrode 52 
connected to the potential measuring terminals 32 via a 
measuring cable 42 is attached close to a wrist joint. As 
for the foot, an electrode 51 for applying a measuring 
current connected to the alternating current output ter- 
minals 31 via a measuring cable 41 is attached to an 
instep of the foot at a place close to a finger joint. In 
addition, a potential measuring electrode 53 connected 
to the potential measuring terminal 33 via a measuring 
cable 43 is attached close to an ankle joint. 
[0023] Then a measuring procedure and an opera- 
tion of the present embodiment will be generally 
described with reference to the flow chart shown in Fig. 
5. 

[0024] When a power switch of the apparatus being 
turned on at step S1, the apparatus is initialized (step 
S2) and simultaneously an initial screen is indicated on 
the indicator 6 for a few second (step S3). Then, at step 
S4, a screen for inputting a personal parameter shown 
in Fig. 6 is indicated on the indicator 6 to enter a wait 
state. At step S5, an identification number of a person to 
be measured and the personal parameters thereof 
including a sex, a height, a body weight and an age are 
input through the key input device 9. The present 
embodiment is configured, however, such that the 
measuring can be performed even if these parameters 
are not set. When the personal parameters are not set, 
however, an arithmetic operation for calculating a body 
composition is not executed as described later (step 8). 
[0025] At step S6, a measuring operation of the bio- 
electrical impedance starts when a measuring start key 
is pushed whether or not the personal parameters have 
been set. It is a matter of course that the electrode for 
the measurement should have been attached to the 
person to be measured and should have been con- 
nected to the apparatus before starting the measure- 
ment. 

[0026] The bioelectrical impedance is measured 
according to a following procedure (step S7). 
[0027] An output signal frequency is set by the 
alternating signal generating device 20 based on a 
measurement control parameter stored in advance in 
the ROM 3 or on the measurement control parameter 
set in the RAM 4 through the auxiliary storage 5 or the 
external input/output interface 7. An output signal from 
the alternating signal generating device 20 is input to 
the alternating current output device 21 . 
[0028] The alternating current output device 21 is 
composed of a constant current output circuit whose 
current value can be optionally set. When the output 
current value is set based on the measurement control 
parameter, the alternating current output therefrom is 
applied to the person to be measured through the refer- 
ence current detector 22, the alternating current output 
terminals 30 and 31, the measurement cables 40 and 
41 connected to respective terminals, and the elec- 
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trodes 50 and 51 for applying a measuring current. 
[0029] At that time, the current applied to the per- 
son to be measured is detected by the reference current 
detector 22. The detected output taking the form of ana- 
log signal is converted to the digital signal by the A/D 5 
converter 23, and the resulting signal is stored in the 
RAM 4. Simultaneously, potential signals are input 
through the potential measuring electrodes 52 and 53 
attached to the person to be measured, the measuring 
cables 42 and 43 connected to respective electrodes, w 
and the potential measuring terminals 32 and 33 con- 
nected to respective measuring cables, to the potential 
difference detector 25. The potential difference detector 
25 in turn outputs the potential difference signal, which 
corresponds to the difference between the potentials 15 
input to the potential difference detector, into the A/D 
converter 24. The A/D converter 24 converts the input 
analog signal into the digital signal and the resulting sig- 
nal is stored in the RAM 4. 

[0030] This process is applied based on the meas- 20 
urement control parameter to each of the alternating 
currents with the first, second and third frequencies 
respectively. To achieve a higher accuracy, the first, sec- 
ond and third frequencies should preferably be one at 
which the resistance component reaches approximately 25 
its maximum, one at which the resistance component 
reaches approximately its minimum and one at which 
the absolute value of the reactance component reaches 
approximately its maximum. To suppress adverse influ- 
ence of stray capacitances and foreign noises to sim- 30 
plify the analog circuit, as for the first, second and third 
frequencies, preferably they are selected to be as low as 
possible, e.g. in the range of 1 kHz to 100 kHz. For 
example, the first frequency is 4 kHz, the second fre- 
quency is 1 6 kHz and the third frequency is 64 kHz. 35 
[0031] Then the vector impedance locus and the 
parameters associated thereto are calculated based on 
the measured values by the alternating current with 
respective frequencies. 

[0032] According to an assumption that the vector 40 
impedance locus derived is a circular arc, the bioelectri- 
cal impedance values Z1 , Z2 and Z3 measured respec- 
tively at the first, second and third frequencies 
(hereinafter referred to as F1 , F2 and F3) are on a circu- 
lar arc of a certain circle as shown in Fig. 3. Herein, a 45 
real axis (axis of abscissa) and an imaginary axis (axis 
of ordinate) of the vector impedance plane are 
described as an X-axis and a Y-axis respectively. There- 
fore, an equation of the circle having these three points 
thereon is described as: 50 

(X-a) 2 + (Y-b) 2 = r 2 (1) 

where, "a" is X coordinate of the center of the cir- 
cle, "b" is Y coordinate of the center of the circle, and "r" 55 
is a radius of the circle. The values of "a", "b" and "c" 
can be calculated by substituting the measured values 
of the bioelectrical impedance vector Z1, Z2 and Z3 at 



the frequencies F1 , F2 and F3 in the equation (1 ). 
[0033] Intersections of the circle and X-axis or the 
real axis are determined by the equation (1) as: 

X = a± V(r 2 -b 2 ) 

wherein, since R 0 > R inf , 

R 0 = a + V(r 2 -b 2 ) 

R inf = a-V(r 2 -b 2 ) 

[0034] Accordingly, Re and Ri of the equivalent cir- 
cuit of Fig. 1 are described as: 

Re = R 0 

Ri = R 0 • R inf /(R 0 -R inf ) 

[0035] Since the impedance vector Zc at the char- 
acteristic frequency Fc is defined by a point where the 
reactance or the imaginary axis component, that is, the 
absolute value of Y-axis component, takes a maximum 
value, X coordinate as a real axis component and Y 
coordinate as an imaginary axis component of the 
impedance vector Zc are determined as: 

X = a, Y=b-r 

and thereby the impedance vector Zc is repre- 
sented as: 

Zc = Rc -i- jXc = a + j(b - r) 

where Rc is a resistance component of Zc, and 
Xc is a reactance component of Zc. 
[0036] According to Cole-Cole model described in 
DESCRIPTION OF THE PRIOR ART, the impedance 
vector at a frequency 00 is represented as: 

Z((o) = R inf + (R 0 -R inf )/(1 + Gcox) p ) 

where, Z(co) is the impedance vector at to, and t 
and p are constants. 
[0037] When t = 1/coc, 

Z(co) = R inf + (R 0 -R inf )/(1 + (j(o/oc) p ) 

where coc = 2tcFc. 
[0038] Fc and (3 can be calculated also based on 
these relations and a data on the circle. 
[0039] Then the body composition values including 
the extra-cellular water (ECW), the intra-cellular water 
(ICW), a ratio of the extra-cellular water to the intra-cel- 
lular water, the total body water (TBW), the fat free mass 
(FFM), body fat mass (FM) and the body fat rate are cal- 
culated based on the vector impedance locus and the 
associated parameters, such as R 0 , R inf , Ri, Zc, Fc or 
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the like, which are calculated beforehand (step S9). 
When the personal parameter has not been set, this 
process is omitted as described above. 
[0040] Then the measured results and other results 
calculated based thereon are indicated on the indicator 5 
6 (step S10). An example of the indication is shown in 
Fig. 7. Further, based on the measurement control 
parameter, the measured results, the arithmetic results, 
the parameters regarding the measurement or the like 
are transmitted to the external device through the exter- w 
nal input/output interface 7 (step S1 1 ) or are stored in 
the auxiliary storage 5 (step S12). 
[0041] After the above steps are completed, the 
process enters a wait state (step S13). When a re- 
measurement key is pushed (step S14), the measure- 15 
ment is performed again, and when a new-measure- 
ment key is pushed (step S15), the process returns to 
the step for personal parameter input and enters a wait 
state. 

[0042] Fig. 8 is a schematic perspective view of a 20 
body composition measuring apparatus for executing a 
bioelectrical impedance measuring method according 
to another embodiment of the present invention, and 
Fig. 9 is a block diagram illustrating a general configura- 
tion of this apparatus. The apparatus of the present 25 
invention is, as shown in Fig. 8, a simplified apparatus 
incorporating a weight scale therein. 
[0043] Main functional sections of the present 
apparatus 100 will be described with reference espe- 
cially to Fig. 9. 30 
[0044] The apparatus 1 00 comprises a microcom- 
puter 1 02 having a functions of CPU, ROM, RAM, timer, 
I/O port or the like; an indicator section 103 for indicat- 
ing a personal parameter setting of a person to be 
measured, a measured result, a condition during meas- 35 
urement or the like; a key switch 104 for inputting the 
personal parameter, and for selecting the personal 
parameter stored in a nonvolatile memory 1 06 or the 
like; an external input/output interface 105 for perform- 
ing input/output operation with an external device; the 40 
nonvolatile memory 106 for storing a measurement con- 
trol parameter, the personal parameter or the like; a fil- 
ter circuit 110 for shaping an output signal from the 
microcomputer 102 into a signal to be applied to an liv- 
ing body; an alternating current output circuit 111 for 45 
applying an output signal from the filter circuit 1 1 0 to the 
person to be measured, with a constant effective value; 
a reference resistor 112 connected to an end of an out- 
put of the alternating current output circuit 111, for 
detecting a current applied to the person to be meas- 50 
ured; measuring current supply electrodes 1 20 and 1 21 
connected through the reference register 112; a differ- 
ential amplifier 113 for detecting a potential difference 
between ends of the reference resistor 112; a potential 
measuring electrodes 122 and 123 for detecting poten- 55 
tials of the person to be measured at two points thereof; 
a differential amplifier 114 connected to the potential 
measuring electrodes 122 and 123 for detecting a 



potential difference therebetween; a weight sensor 115 
for detecting a loading; an amplifier 1 1 6 for amplifying a 
signal from the weight sensor 115; a switching unit 1 1 7 
for selectively outputting one of the outputs from the dif- 
ferential amplifiers 113, 114 and that from the amplifier 
1 1 6 based on the control of the microcomputer 1 02; and 
an A/D converter 118 for converting an analog signal 
output from the switching unit 1 1 7 into a digital signal to 
output it to the microcomputer 1 02. 
[0045] Then an operation and an operating proce- 
dure of the present embodiment will be described with 
reference to Fig. 1 0, which is a flow chart generally illus- 
trating the operation and the operating procedure of the 
present embodiment. 

[0046] The operation of the present apparatus 
starts upon the key switch being pushed (step S1). The 
key switch used in the present embodiment includes 
eight key switches consisting of three key switches, that 
is, SET key, UP key and DOWN key used for setting the 
personal parameter; four key switches from No. 1 to No. 
4 memory number key switches; and one key switch for 
performing only a body weight measurement. The oper- 
ation of the present apparatus is branched into three 
ways depending on the kinds of the key switches 
pushed for starting the operation. 

1 . When the body weight key is pushed to start the oper- 
ation (step S2): 

[0047] Only the body weight measurement is per- 
formed (step S3), a result thereof is indicated on the 
indicator section 103 (step S4), the indication is turned 
off after a certain period, and then the process enters a 
wait state (step S5) to wait a next key switch input. 
[0048] When the body weight key is not pushed at 
step S2, it is judged whether any one of the setting keys 
(SET key, UP key, DOWN key) is pushed (step S6). 
[0049] When none of the setting keys is pushed, it 
is judged whether any one of the No. 1 to No. 4 memory 
number keys is pushed (step S7). When none of the No. 
1 to No. 4 memory number key switches is pushed, the 
process enters the wait state (step S8) to wait the next 
key switch input. 

2. When the memory number key switch is pushed to 
start the operation (step S9): 

[0050] The operation depends whether the parame- 
ter has been set or not. 

2-1 . When the personal parameter corresponding to the 
pushed memory number has not been stored: 

[0051] The same operation with that described in 
the following item 3. "When any one of the setting keys 
is pushed to start the operation" is performed. The per- 
sonal parameter set at that time is stored as a data for 
the pushed memory number. 
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2-2. When the personal parameter corresponding to the 
pushed memory number has been stored: 

[0052] The personal parameter corresponding to 
the pushed memory number stored in the nonvolatile 5 
memory 1 06 is indicated on the indicator section 103 for 
a certain period and then the body weight is measured. 
At that time, in order to measure the body weight, the 
signal to be supplied from the microcomputer 1 02 to the 
filter circuit 1 1 0 when the impedance is to be measured w 
is stopped and the switching unit 1 1 7 is controlled by the 
microcomputer 1 02 so that the output from the amplifier 
116 may be selected as the input to the A/D converter 
118. 

[0053] After the body weight is measured, the bioe- 15 
lectrical impedance is measured. At that time, according 
to the measurement control parameter having been 
written beforehand in the ROM in the microcomputer 
102, the signal is supplied from the microcomputer 102 
to the filter circuit 1 1 0 and the output therefrom is input 20 
to the alternating current output circuit 111. The output 
from the alternating current output circuit 1 1 1 is applied 
to the person to be measured through the reference 
resistor 1 12 connected to one end of the alternating cur- 
rent output circuit 111. Since the potential difference 25 
signal of the reference resistor 1 1 2 and the potential dif- 
ference signal between two points of the living body are 
output respectively from the differential amplifiers 113 
and 114, they are converted into the control signal for 
the microcomputer 1 02 and are output to the microcom- 30 
puter 102. The measurement of the bioelectrical imped- 
ance described above is performed based on the 
measurement control parameter for each of three fre- 
quencies including the first, the second and the third f re- 
quencies (step S10). 35 
[0054] An arithmetic processing is performed using 
the measured bioelectrical impedance data to deter- 
mine R 0 , R inf and Zc and further to calculate Re and Ri 
in the same manner as described with reference to the 
embodiment mentioned above. The extra-cellular water, 40 
the intra-cellular water, the total body water, the fat free 
mass, and the body fat mass are determined based on 
these calculated results (step S1 1). 
[0055] The results of the arithmetic processing are 
indicated on the indicator section 103 (step S12), the 45 
indication is turned off after a certain period (step 13), 
and the process enters the wait state (step S14) to wait 
the next key switch input. 

3. When any one of the setting keys is pushed at step 50 
S6 to start the operation: 

[0056] An indication for setting the personal param- 
eter is indicated on the indicator section 1 03 (step S1 5). 
In the present embodiment, items of the personal 55 
parameter to be set are two items, that is, the sex and 
the height. Each item of the personal parameters is to 
be set according to the indication on the indicator sec- 



tion 103. When the setting value is input, the UP key 
and the DOWN key are used to select a selection item 
and a value to be set. The sex and the value of the 
height are confirmed and set by pushing the SET key 
when being input respectively. 

[0057] At that time, in case where the process 
branches off from the above item 2-1 "When the per- 
sonal parameter corresponding to the pushed memory 
number has not been stored" to the present setting step 
of the personal parameter, the personal parameter set 
herein is automatically stored in the nonvolatile memory 
106 as a data for the memory number having been 
pushed (step S18), the indication is turned off after a 
certain period, and the process enters the wait state 
(step S1 9) to wait the next key switch input. 
[0058] In other cases, the process enters the wait 
state to wait the key input for a certain period (step 
S16). 

[0059] When the memory number key switch is 
pushed during the certain period (step S17), the per- 
sonal parameter set herein is stored in the nonvolatile 
memory 1 06 as a data for the pushed memory number 
(step S18), the indication is turned off after a certain 
period, and the process enters the wait state (step S19) 
to wait the next key switch input. 
[0060] Further, when the SET key is pushed during 
the certain period (step 20) or when the certain period 
has passed to end the wait state for waiting the next key 
input (step S21), the operation described in the above 
item 2 "When the memory number key switch is pushed 
to start the operation" (step S10 and the fo Mowings 
thereof) is performed. 

[0061] Although the external input/output interface 
1 05 is not referred to in the description of the main oper- 
ation and the operating procedure, in the present 
embodiment, this device is added when it is necessary 
and has functions to output the measured result of the 
bioelectrical impedance and the results derived there- 
from through the arithmetic processing and to input a 
measurement control command or the parameters from 
an external device into the present apparatus. 
[0062] Since the number of frequencies used for 
the measurement is limited to three, an analog circuit 
section for measuring the impedance can be made sim- 
pler comparing with the conventional one. 
[0063] Since the present apparatus does not 
require such a lot of iterative operations for constructing 
the vector impedance locus as the conventional one, a 
high speed arithmetic unit and a peripheral device 
thereof are not necessary. In addition, the period for the 
measurement is made short, which allows a user 
(patient) to use it comfortably. 

[0064] Since the present apparatus is simplified as 
a whole comparing with the conventional one, the appa- 
ratus can be made compact and the cost thereof can be 
reduced. 

[0065] Since the compactness of the present appa- 
ratus allows it to be driven by battery, only a small area 
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is necessary to install it and this makes it possible to be 
carried easily. 

[0066] Further, since the present apparatus can be 
made compact and can be manufactured at low cost, as 
shown in above another embodiment, it can be spread 5 
in the same manner as of the conventional body fat 
meter with single frequency measurement system while 
allowing more accurate measurement of body fat com- 
paring with the conventional one with single frequency 
measurement system. 10 
[0067] That is, when the present apparatus is to be 
configured incorporating a body weight measuring sec- 
tion therein, what has to be made is only to add a small 
modification to a circuit section of the conventional body 
weight scale with body fat meter. is 

Claims 

1. A bioelectrical impedance measuring method for 
measuring a bioelectrical impedance of a patient by 20 
applying an alternating current to a body of said 
patient based on a bioelectrical impedance 
method, said method comprising the steps of: 



2. A bioelectrical impedance measuring method in 40 
accordance with claim 1 , wherein all said first, sec- 
ond and third frequencies are in the range of 1 kHz 

to 100 kHz. 

3. A bioelectrical impedance measuring method in 45 
accordance with claim 1 wherein the first, second 
and third frequencies are one at which the resist- 
ance component reaches approximately its maxi- 
mum, one at which the resistance component 
reaches approximately its minimum and one at 50 
which the absolute value of the reactance compo- 
nent of said bioelectrical impedance reaches 
approximately its maximum. 



method, said body composition measuring appara- 
tus comprising: 

an alternating current generating device capa- 
ble of generating at least three kinds of alter- 
nating currents with different frequencies; 
a measuring device which determines a first 
bioelectrical impedance value, a second bioe- 
lectrical impedance value and a third bioelectri- 
cal impedance value based on measurements 
using the alternating current having a first fre- 
quency, the alternating current having a sec- 
ond frequency and the alternating current 
having a third frequency respectively, among 
said alternating currents generated by said 
alternating current generating device; 
an arithmetic device which derives an vector 
impedance locus from only said first, second 
and third bioelectrical impedance values to 
determine bioelectrical impedance values at 0 
frequency and at an infinite frequencies; and 
a judging device which judges a body composi- 
tion of said patient based on said bioelectrical 
impedance values determined by said arithme- 
tic device. 

5. A body composition measuring apparatus in 
accordance with claim 4, further comprising: 

an input device which sets a personal parame- 
ter including a body weight of said patient; and 
an indicating device which indicates informa- 
tion regarding said body composition judged by 
said judging device, wherein said judging 
device takes said personal parameter input by 
said input device into account when judging 
said body composition of said patient. 

6. A body composition measuring apparatus in 
accordance with claim 4, further comprising: 

a body weight measuring device which meas- 
ures a body weight of said patient; 
an input device which sets a personal parame- 
ter other than said body weight of said patient, 
and an indicating device for indicating informa- 
tion regarding said body composition of said 
patient judged by said judging device, wherein 
said judging device takes said body weight 
measured by said body weight measuring 
device and said personal parameter input by 
said input device into account when judging 
said body composition of said patient. 
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determining a first bioelectrical impedance 25 
value by a measurement using the alternating 
current having a first frequency; 
determining a second bioelectrical impedance 
value by a measurement using the alternating 
current having a second frequency; 30 
determining a third bioelectrical impedance 
value by a measurement using the alternating 
current having a third frequency; and 
deriving an vector impedance locus from only 
said first, second and third bioelectrical imped- 35 
ance values to determine bioelectrical imped- 
ance values at 0 frequency and at an infinite 
frequency. 



4. A body composition measuring apparatus for 55 
measuring a bioelectrical impedance of a patient by 
applying an alternating current to a body of said 
patient based on a bioelectrical impedance 



7. A body composition measuring apparatus in 
accordance with either of claim 4 to 6, wherein all 
said first, second and third frequencies are in the 
range of 1 kHz to 100 kHz. 
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8. A body composition measuring apparatus in 
accordance with either of claims 4 to 6 wherein the 
first, second and third frequencies are one at which 
the resistance component reaches approximately 
its maximum, one at which the resistance compo- 
nent reaches approximately its minimum and one at 
which the absolute value of the reactance compo- 
nent of said bioelectrical impedance reaches 
approximately its maximum. 

9. A body composition measuring apparatus in 
accordance with either of claim 4 to 7, wherein said 
body composition is at least one of an extra-cellular 
water, an intra-cellular water, a total body water, a 
fat free mass, and a body fat mass. 

10. A body composition measuring apparatus in 
accordance with claim 4 or 5 or 6 or 8 wherein said 
body composition is at least one of an extra-cellular 
water, an intra-cellular water, a total body water, a 20 
fat free mass, and a body fat mass. 
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FIG.3 
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FIG. 10 
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